discussed. Finally, the estimated phage genome mass of 4 x 107 daltons exceeded by more than four times its head capacity, which could explain the defectiveness of the phage.
All Bacillus subtilis strains analyzed thus far carry one of the closely related defective prophages PBSX, PBSY, PBSZ, or PBSW (10, 21, 23 ; F. A. Eiserling, Ph.D. thesis, University of California, Los Angeles, 1964). Despite numerous attempts, failure to obtain strains either cured or unambiguously carrying deletions of the entire prophage region (3) has led to the hypothesis of an essential role for the prophage in the metabolism of the host (23) . Mutations in several PBSX genes involved in tail (xtl) and head (xhd) formation (11, 25) as well as in a regulatory gene (xin) (25) (xhi) (2) have all been mapped between chromosomal markers metC and argC. Treatment with agents interfering with host DNA synthesis leads to phage induction and culminates in cell lysis and liberation of defective phage particles (18, 23) . Seven PBSX structural proteins, designated X1 to X7, have been described (24) ; three more have since been identified (20) . The morphological complexity of the phagelong contractile tail with a baseplate and fibers-together with the recent report of two phage-controlled lytic enzymes (26) would suggest the existence of a larger number of both structural and morphogenetic phage-coded proteins. However, so far only one phage-coded nonstructural protein, designated X8, has been observed (24) .
Expression of thermosensitive dna mutations in B. subtilis can lead to prophage induction (C. Mauel and D. Karamata, submitted for publication). The aim of the present study is to identify the major proteins which are newly synthesized on interference with DNA synthesis and to distinguish phagecoded proteins, structural as well as morphogenetic, from those possibly involved in SOS functions (28) . Processing of major head protein during morphogenesis, phage defectiveness, phage lytic enzymes, and SOS proteins are discussed.
MATERIALS AND METHODS Bacterial strains. B. subtilis strains are listed in Table 1 . Media and chemicals. Cells were grown with aeration in TS medium (Spizizen minimal medium [19] supplemented with 5 ,uM MnSO4, 0.5% sodium glutamate, and 0.001% Difco yeast extract). Required amino acids were added at 20 p.g/ml each and thymine at 40 ,uI/ml. TMK buffer contained 0.01 M Tris-chloride (pH 7.2), 5 (14) and the slab gel apparatus described by Studier (22) (24) could be easily recognized. These bands as well as the newly observed ones were designated here by the letter X, followed by their molecular mass expressed in kilodaltons.
Since heads and tails of broken PBSX particles banded at different densities, i.e., 1.26 and 1.28 g/cm3, their respective protein composition could be analyzed. Despite incomplete separation in the gradient, SDS gel patterns of the two structures allowed us to unambiguously assign bands X36, X35, and X14 to phage heads and the others to phage tails. The above observations are in agreement with previous reports concerning the main PBSX and tail proteins (20, 24) .
Proteins induced by MMC treatment of a PBSX lysogenic strain. The complexity of the mature PBSX particle, revealed both by electron microscopy and by its large number of structural proteins, suggests that additional proteins were synthesized during its development and either transiently involved in morphogenesis or related to phage lytic activities.
Development of PBSX was induced by MMC, and the rate of synthesis of particular proteins was followed by regular 14C-labeled amino acid pulses (see above). Five of the major structural proteins, X76, X58, X42, X35, and X19, became readily recognizable for the first time between 21 and 33 min after MMC addition, and their rate of incorporation increased constantly until lysis, a behavior characteristic of late phage proteins (Fig. 2) . Synthesis of other phage structural proteins, including X24 and X14, was masked by residual synthesis of bacterial proteins. Nevertheless, direct comparison of these autoradiographs with that of purified PBSX revealed the existence of at least 10 additional bands whose molecular weights ranged from 70,000 to 14,000 and which were not found in mature phage particles (Fig. 3 ). These were designated by a letter P, followed by their molecular mass expressed in kilodaltons (Table 3 and Fig. 3) .
With regard to their time of appearance and kinetics of synthesis (Table 3 and Fig. 2) (Fig. 4) , strongly suggesting that P36 was the precursor of the major phage head protein. This interpretation was confirmed by fingerprint analysis on twodimensional gels (1) . The almost identical appearance of P36 and X35 digestion patterns left no doubt that the former was the precursor of the latter (Fig. 5) . The presence of PBSX preheads in phage lysates (Fig. 6) suggested that, as in other phages (15) , this cleavage might occur during head maturation.
The only other band which appeared to lose label at a rather slow rate was P63; nevertheless, fingerprint analysis did not reveal a resemblance with any lower-MW protein. This behavior became, however, particularly evident when chase periods were extended up to I h (data not shown).
Indeed, despite some unavoidable cell lysis, it appeared that P63 as well as P31 and P15 were released more rapidly than cytoplasmic proteins. Since they were always recovered in the culture medium, it is likely that they were exported like exoproteins (see below).
MMC-induced proteins in PBSX noninducible strains. Since some MMC-induced proteins might belong to another regulon, such as the SOS one, we attempted to distinguish them from those controlled by the phage repressor by analysis of MMC-treated strains carrying a xin mutation which precludes phage induction. At 18 and 52 min after induction, cells of strain L8460 xin were labeled for 10 min with t4C-labeled amino acids and analyzed on gels (Fig. 7) . During the first labeling period, only P43 and P21 could be clearly recognized and therefore tentatively assigned to SOS proteins. In an experiment with a xin+ strain described above (Fig. 2) , both bands were already detected 15 min after MMC addition, whereas the first phage-controlled proteins appeared only ca. 6 min later. During the second labeling period (Fig. 7) , the rate of synthesis of P43 declined, whereas that of P21 remained constant with both proteins Fig. 2 . b MMC addition corresponds to zero minute. ' The proteins clearly visible at 15 min might have been synthesized earlier; in particular, P65 seems to be present already in the 0 min sample (Fig. 2, no MMC lane) . displaying the same kinetics as in xini strains (Fig. 2) . The apparently unessential P14 (see above) was also synthesized in the xin strain. We have obtained identical results with strain GB75, which carries another xiii mutation (25) . DISCUSSION Polyacrylamide gel electrophoresis of purified PBSX particles revealed at least 26 polypeptides. Three of them belong to the head, X35 being the main one, and the remaining 23 belong to the tail, X58 and X19 being, respectively, the sheath and core proteins (20) and X76 being presumably the fiber subunit. Our observations are strengthened by parallel experiments on related phages PBSY and PBSZ, which also exhibit 26 bands on polyacrylamide gels, most of which have MWs identical to corresponding PBSX polypeptides (J. C. Piot and D. Karamata, manuscript in preparation). Since the coding capacity for synthesis of PBSX should amount to at least 54 kilobases, half for structural proteins and the other half, as found in other phages, for nonstructural proteins, it appears inescapable that at least one of the reasons for its defectiveness is the limited size of its head, which can accommodate, at most, 12 kilobases of double-stranded DNA (16) .
Microscopical evidence and cleavage of the main head precursor P36, accompanied by a reduction in mass of ca. (28) . In particular, it has recently been reported that the inducible product of the B. subtilis recE gene has an MW of 45,000, and it has been suggested that it has the same function as the recA gene product in Escherichia coli (6, 7) ; it is most likely that this protein is identical to P43, which has incidentally been observed in the related B. subtilis strains S31 and W23 (C. Mauel, unpublished data). P65 has a behavior analogous to that of the groEL protein of E. coli, the synthesis of which is enhanced by temperature shift as well as by development of phage A (8, 13) . We believe that P65 might indeed be the subunit of the B. subtilis groEL-like oligomer, which has an MW of 65,000 (4).
The identification of more than 30 proteins under the phage repressor control and their distribution from those unrelated to PBSX offers a useful reference system for study of specific effects which accompany the expression of dna mutations. analogy with other phages, that PBSX head morphogenesis might comprise at least three steps: prehead formation, cleavage of P36, and DNA packaging. We believe that P18 is most likely the scaffolding protein because, as in coliphages T4 and X, the ratio of its molecular weight to that of the main head protein is 1:2 (15). Furthermore, we found that with the exception of P18, PBSX, PBSY, and PBSZ present radically different MW patterns of phage-specific nonstructural proteins. This contrasts with almost identical MW profiles of their structural proteins, in particular P36 and X35, and with the identical morphology of their heads.
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